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1
METHOD FOR ADAPTIVELY MONITORING
PAGING MESSAGES WITH REDUCED
POWER CONSUMPTION AND
COMMUNICATIONS APPARATUSES
UTILIZING THE SAME

BACKGROUND

The disclosed embodiments of the present invention relate
to wireless communications, and more particularly to a
wireless communications method for monitoring paging
messages with reduced power consumption, and an appara-
tus utilizing the same.

The term “wireless” normally refers to an electrical or
electronic operation that is accomplished without the use of
a “hard wired” connection. “Wireless communications”, is
the transfer of information over a distance without the use of
electrical conductors or wires. The distances involved may
be short (e.g., a few meters for television remote controls) or
very long (e.g., thousands or even millions of kilometers for
radio communications). The best known example of wire-
less communications is the cellular telephone. Cellular tele-
phones use radio waves to enable an operator to make phone
calls to another party from locations worldwide. They can be
used anywhere, as long as there is a cellular telephone site
to house equipment that can transmit and receive signals,
which are processed to transfer both voice and data to and
from the cellular telephones.

There are various well-developed and well-defined cellu-
lar communications technologies. The Global System for
Mobile communications (GSM) is a well-defined and com-
monly adopted communications system, which uses time
division multiple access (TDMA) technology. Hence, the
GSM communications system employs a multiplex access
scheme for digital radio, to send voice, data, and signaling
data (such as a dialed telephone number) between mobile
phones and cell sites. The CDMA2000 is a hybrid mobile
communications 2.5G/3G (generation) technology standard,
which uses code division multiple access (CDMA) technol-
ogy. The UMTS (Universal Mobile Telecommunications
System) is a 3G mobile communications system, which
provides an enhanced range of multimedia services over the
2G GSM system. Other emerging radio access technology
(RAT), such as Time Division-Synchronous Code Division
Multiple Access (TD-SCDMA), Worldwide Interoperability
for Microwave Access (WiMAX), and long term evolution
(LTE), are still being developed.

For various cellular communications technologies, listen-
ing to paging channels and paging indicator channels or
obtaining paging messages in an idle mode consumes a
certain amount of battery power and may hinder data
transceiving in a Packet-switched (PS) domain. Therefore, a
method for smartly monitoring paging messages in an MS
(mobile station)/UE (user equipment) is desired.

SUMMARY

One of the objectives of the present invention is to provide
a wireless communications method for monitoring paging
messages with reduced power consumption, and an appara-
tus utilizing the same.

According to a first aspect of the present invention, a
method for adaptively monitoring paging messages in a user
equipment (UE) with a subscriber identity card camping on
a cell is disclosed. The method comprises: detecting a
loading of a paging channel from the cell and generating a
loading status; determining a monitoring pattern according
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to the loading status and a default monitoring pattern; and
monitoring the paging channel according to the monitoring
pattern.

According to a second aspect of the present invention, a
communications apparatus for adaptively monitoring paging
messages in a user equipment (UE) with a subscriber
identity card camping on a cell is disclosed. The commu-
nications apparatus comprises a radio transceiver module
and a processing module. The radio transceiver module is
arranged for receiving paging messages broadcasted in a
paging channel from the cell. The processing module is
arranged for detecting a loading of the paging channel and
generating a loading status, determining a monitoring pat-
tern according to the loading status and a default monitoring
pattern, and monitoring the paging channel according to the
monitoring pattern.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a communications apparatus for monitoring
paging messages with reduced power consumption accord-
ing to an embodiment of the invention.

FIG. 2 shows an exemplary network topology according
to an embodiment of the invention.

FIG. 3 shows an exemplary distribution of paging occa-
sions and the corresponding paging period along the time
axis.

FIG. 4 shows a schematic diagram of a case where an
exemplary method is employed for adaptively monitoring
paging messages according to an embodiment of the inven-
tion.

FIG. 5 shows a method for adaptively monitoring paging
messages according to an embodiment of the invention.

DETAILED DESCRIPTION

Certain terms are used throughout the description and
following claims to refer to particular components. As one
skilled in the art will appreciate, manufacturers may refer to
a component by different names. This document does not
intend to distinguish between components that differ in
name but not function. In the following description and in
the claims, the terms “include” and “comprise” are used in
an open-ended fashion, and thus should be interpreted to
mean “include, but not limited to . . . 7. Also, the term
“couple” is intended to mean either an indirect or direct
electrical connection. Accordingly, if one device is electri-
cally connected to another device, that connection may be
through a direct electrical connection, or through an indirect
electrical connection via other devices and connections.

FIG. 1 shows a communications apparatus 100 for moni-
toring paging messages with reduced power consumption
according to an embodiment of the invention. The commu-
nications apparatus 100 comprises a subscriber identity card
101, a controller 102, a baseband processing module 103,
and a radio transceiver module 104, wherein the controller
102 is coupled to the radio transceiver module 104, the
subscriber identity card 101 and the baseband processing
module 103 for controlling the operations thereof.

FIG. 2 shows an exemplary network topology according
to an embodiment of the invention. The communications
apparatus 100 may communicate with a wireless network
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through a cell belonging to the wireless network, and camp
on the cell via the radio transceiver module 104, where the
cell may be covered by a Node B 201 (also known as a
Global System for Mobile communications (GSM) base
station, a Worldwide Interoperability for Microwave Access,
WiMAX advanced base station, a UMTS base station, a long
term evolution, or LTE enhanced base station), as shown in
FIG. 2.

Referring to FIG. 1 and FIG. 2 together, the radio trans-
ceiver module 104 receives wireless radio frequency signals
from the cell 201 of the wireless network and converts the
received signals to baseband signals to be processed by the
baseband processing module 103, or receives baseband
signals from the baseband processing module 103 and
converts the baseband signals to wireless radio frequency
signals to be transmitted to a peer device. The radio trans-
ceiver module 104 may comprise a plurality of hardware
devices to perform radio frequency conversion. For
example, the radio transceiver module 104 may comprise a
mixer to multiply the baseband signals with a carrier that
oscillates at the radio frequency of the wireless communi-
cations system for transmission, wherein the radio frequency
may be, for example, 1900 MHz for a W-CDMA system.
When the radio transceiver module 104 receives the wireless
radio frequency signals from the cell 201 of the wireless
network, the mixer recovers the received signal into base-
band signals, and the baseband processing module 103
converts the baseband signals to a plurality of digital signals
and processes the digital signals. The baseband processing
module 103 may also comprise a plurality of hardware
devices to perform baseband signal processing. The base-
band signal processing procedure may comprise analog to
digital conversion (ADC)/digital to analog conversion
(DAC), gain adjustment, modulation/demodulation, encod-
ing/decoding, etc. The subscriber identity card 101 may
record a plurality of user information, and the controller 102
may read data from the plugged-in subscriber identity card
101 and write data thereto. Note that it is also feasible to
integrate the controller 102 into the baseband processing
module 103. To put it simply, the hardware configuration
shown in FIG. 1 is for illustrative purposes only, and is not
meant to be a limitation of the present invention.

According to an embodiment of the invention, the sub-
scriber identity card 101 may relate to one kind of wireless
communications system. For example, the subscriber iden-
tity card 101 may be a subscriber identity module (SIM) card
of a Global System for Mobile communication (GSM), a
universal subscriber identity module (USIM) card of a
Universal Mobile Telecommunications System (UMTS)/
LTE system, or a removable user identity module (RUIM)
card or CDMA Subscriber Identity Module (CSIM) card of
a CDMA2000 system. For example, the SIM/USIM card
stores user account information, international mobile sub-
scriber identity (IMSI), authentication information and a set
of SIM/USIM Application Toolkit (SAT/USAT) commands,
and provides storage space for text messages and phone
book contacts. The controller 102 may interact with a micro
control unit (MCU) of the SIM/USIM card to fetch data or
SAT commands from the plugged-in SIM/USIM card.

In a communications system such as GSM, UMTS, Gen-
eral Packet Radio Service (GPRS), CDMA 2000, Time
Division-Synchronous Code Division Multiple Access (TD-
SCDMA), WIMAX or LTE communications system, the
communications apparatus, also known as a mobile station
(MS) or user equipment (UE), may use discontinuous recep-
tion (DRX) to reduce power consumption after camping on
a cell. Take 3G FDD mobile communications system for
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example. In an idle mode, the communications apparatus
100 searches for or measures a Broadcast Control Channel
(BCCH) which has the best signal quality from a Node B
provided by a specific network operator or is synchronized
to the BCCH of a specific Node B, and is therefore ready to
perform a random access procedure on the Random Access
Channel (RACH) when requesting a dedicated channel. In a
dedicated mode, the communications apparatus 100 occu-
pies a physical channel and tries to be synchronized with the
channel. Also, the communications apparatus 100 estab-
lishes logical channels and switches between the apparatus
and the Node B.

When the DRX is used, the base station or Node B (e.g.
201 of FIG. 2) may periodically transmit paging messages or
paging indicators at paging occasions. The communications
apparatus 100 is required to receive the paging messages
carried in the paging channel (PCH) at the paging occasions
if the paging indicator carried in the paging indicator chan-
nel (PICH) bursts at the corresponding radio frames of the
paging occasions indicates that there’s paging message
carried in PCH. When the paging indicator corresponding to
the communications apparatus 100 is received and is posi-
tive, the communications apparatus 100 is required to fur-
ther receive the paging messages carried in the secondary
common control physical channels (S-CCPCH) bursts. The
communications apparatus 100 periodically monitors the
PICH/PCH/S-CCPCH to avoid mobile terminated (MT) call
loss, where the monitoring moments are referred to as
paging occasions. The PICH is a common, time-shared
indication channel used to inform the communications appa-
ratus 100 whether a following PCH channel should be
received.

FIG. 3 shows an exemplary distribution of a plurality of
paging occasions 301 and the corresponding paging period
P along the time axis. As illustrated in the figure, each UE
performing a power saving operation may periodically wake
up at its own paging occasions 301 to check up on paging
indicators and associated paging messages. The paging
indicator indicates whether the communications apparatus
100 should check the PCH, after noticed by the paging
indicator, the communications apparatus 100 may initiate a
procedure to receive an incoming call when the paging
message carried in PCH includes identification (ID) of the
communications apparatus 100. Otherwise, the communica-
tions apparatus 100 may sleep again and wake up at a next
paging occasion.

The concept of the present invention is to dynamically
switch between the operating modes of monitoring paging
messages (e.g. a normal mode with a default monitoring
pattern and a DRX extended mode with a new monitoring
pattern which is less intensive than the default monitoring
pattern as mentioned above) according to the loading of the
overall paging status, so as to reduce the average power
consumption. There is a typical case where paging the same
UE through the paging channels is designated to be more
than once on the next DRX cycle (or even once more on the
next 2 DRX cycles, i.e., the network (NW) pages the same
UE repeatedly in continuously three paging occasions),
which intends to diminish the possibility of MT call loss.
Conventionally, the communications apparatus may be con-
figured to operate in either a normal mode with a default
monitoring pattern or a DRX extended mode with a new
monitoring pattern which is less intensive than the default
monitoring pattern. In the normal mode, each of the com-
munications apparatuses monitors the PCH at every paging
occasion (i.e. watch the PICH every DRX cycle), and all of
the paging messages are received by each of the communi-
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cations apparatuses grouped on the paging occasion, so no
paging message loss will occur. In the DRX extended mode,
each of the communications apparatuses monitors the PCH
at every two paging occasions (i.e. watch the PICH every 2
DRX cycles) for the purpose of power saving. In this way,
half of the paging monitor power may be saved by the
communications apparatus employing the DRX extended
mode. When the communications is not busy, it can be
readily realized that no paging message loss will occur as
network pages each communications apparatus once more
on the next DRX cycle. However, when the communications
is almost fully packed, the paging message loss may happen
since the paging identity information of other UE(s) may be
supplanted by other paging record(s) newly inserted into the
paging message.

As a result, if the loading of communications is not taken
into account, the DRX extended mode will lead to a risky
situation even if the DRX extended mode is running under
a paging system which can page repeatedly. On the other
hand, if the loading of communications is taken into
account, the DRX extended mode will not lead to a risky
situation even if the DRX extended mode is running under
a paging system which don’t page repeatedly. To be specific,
when a paging message which is not discardable is skipped
due to the DRX extended mechanism, an attempt to page the
UE will be made again after several DRX cycles since no
reply, where the re-paging timing is determined randomly,
thus there is a high rate that the UE with the DRX extended
mechanism can be successfully paged sooner or later. Please
refer to FIG. 4 in conjunction with FIG. 5 for the details of
the invention. FIG. 4 shows a schematic diagram illustrating
a case where an exemplary method is employed for adap-
tively monitoring paging messages according to an embodi-
ment of the invention. The case demonstrates that the normal
mode is entered from the DRX extended mode when a
specific criterion is met in a monitor window, ie. N (a
counter for counting the number of paging messages with
full records in the monitor window)/M (a counter for count-
ing the number of paging messages in the monitor window)
=D1 (a predetermined density). In other cases, the DRX
extended mode may also be entered from the normal mode
when an opposite criterion is met in the monitor window.

FIG. 5 is a flowchart illustrating the exemplary method for
adaptively monitoring paging messages according to an
embodiment of the invention. The method is performed by
a user equipment (UE) (e.g. 100 in FIG. VFIG. 2) with a
subscriber identity card camping on a cell (e.g. 201 in FIG.
2). The method may be considered to start in a scenario such
as the UE being powered on. In other cases, the UE may
execute the method of FIG. 5 continuously/periodically or at
a specific situation (S502). After the flow starts, the UE
monitors the loading of the paging status, and then adap-
tively determines a corresponding strategy. First, the UE sets
a current monitoring pattern by a default monitoring pattern
(S503), and then the UE monitors/listens to a paging channel
according to a current monitoring pattern (step S504) to
obtain paging messages (i.e. monitors/listens to the paging
channel for every default DRX cycle time period), wherein
the UE receives the paging message via a radio transceiver
module thereof (e.g. 104 in FIG. 1). By way of example and
without any limitation, the default monitoring pattern may
be a setting for a normal mode where paging messages are
received at each paging occasion, i.e. the default DRX cycle
time period=1 DRX cycle time period.

Next, a baseband processing module of the UE (e.g. 103
in FIG. 1) checks if the paging message is full of identity
information records (S506). The capacity of each paging
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message may be a constant value in certain countries or
regions depending on the local network operators, and the
constant value can therefore be predetermined. By way of
example and without any limitation, it is also feasible for the
UE itself to derive a statistical value on the fly if there is no
prior information regarding the capacity of each paging
message. For example, a maximum number of identity
information records carried by a paging message broad-
casted in the paging channel within a period of time may be
recorded, wherein no other paging message broadcasted in
the paging channel within a different predetermined time
period carries the number of identity information records
that is larger than the maximum number. The subsequent
paging messages, each carrying the number of identity
information records equaling the maximum number, are
regarded as full of identity information records (i.e. full
pages). Furthermore, if the PICH indicates that there is no
paging message broadcasted at the current paging occasion,
it will be regarded as the recorded is not full in this case.

If the current paging message is determined to be not full,
a counter N for counting the number of the paging messages
which are determined as full pages will be kept the same,
and the counter M for counting a total paging message
number will be increased by 1 (S508). If the current paging
message is determined full and it is found that more than one
paging message is received at the same paging occasion
(S510), a radio network controller (RNC) by which the cell
is governed will be recorded (S512). The reason to identify
if the current paging message includes more than one paging
message can be explained from a practical point of view. In
practice, some network operators are capable of broadcast-
ing more than one paging message at each paging occasion;
therefore, the issue of repeated paging identity information
being supplanted by other paging record does not have a
chance to happen since the PCH data capacity is twice as
much as normal (or may be even more). In other words, the
paging message loss will not take place as the network
operator can send more than one paging message at a single
paging occasion. In such a situation, it is quite safe to extend
the DRX cycle time period, and thus a new monitoring
pattern less intensive than the default monitoring pattern
may be adopted (S514). By way of example and without any
limitation, the monitoring pattern is switched back to the
default monitoring pattern when UE moves to another RNC
which is not recorded to have more than one paging message
in the same paging occasion (S524 & S526). Also, when the
RNC ID changes, the flow will return to step S504 for
repeating the monitoring process according to the current
monitoring pattern (i.e. the default monitoring pattern). If
the current paging message is determined full and only one
paging message is received at the paging occasion, the
counter N for counting the full paging message number and
the counter M for counting the total paging message number
will both be increased by 1 (S516).

The UE checks if M=za predetermined time period*(1-
skip_ratio)/(the default DRX cycle time period) (S518),
wherein skip_ratio indicates a percentage of the bypassed
(ignored) paging occasions in respect of the total paging
occasions (e.g. skip_ratio=0 in the normal mode, and
O<skip_ratio<1 in the DRX extended mode), and the pre-
determined time period is a monitor window for ensuring an
adequate sample space (i.e. the paging occasions), so that a
statistical result of the paging loading can be reliable. If the
predetermined time period is not fulfilled, the flow will
return to step S504 for repeating the monitoring process;
however, if the predetermined time period is reached, the
flow will go to step S520. In step S520, a density of the full



US 9,451,487 B2

7

page in the predetermined time period is calculated by
dividing N by M. By way of example and without any
limitation, the density of the full page may be calculated
after all pages within the predetermined time period are
checked by the UE, or the density may be calculated in a
real-time manner whenever a new page is checked. How-
ever, this is for illustrative purpose only, and the details of
computing the density may be modified to any other alter-
native function which achieves the same objective and
complies with the concept of the invention. For example, in
the DRX extended mode, the determination of whether the
skipped paging message is full may be made according to a
previous non-skipped paging message, or the skipped pag-
ing message may be directly determined to be full or not full
blindly. It should be noted that the alternative designs all
belong to the scope of the invention.

If the density is lower than a predetermined density D1,
wherein D1 may be a value between 1 and 0 (e.g. D1=10%),
a DRX extended mode with a new monitoring pattern which
is less intensive than the default monitoring pattern of the
normal mode will be adopted (S522), and the UE sets the
current monitoring pattern by the new monitoring pattern.
Next, the flow will return to step S504 for repeating the
monitoring process according to the current monitoring
pattern (i.e. the new monitoring pattern in this case).

If the density is not lower than the predetermined density
D1, the normal mode with the default monitoring pattern
will be adopted (S521), and the UE sets the current moni-
toring pattern by the default monitoring pattern. Next, the
flow will also return to step S504 for repeating the moni-
toring process according to the current monitoring pattern
(i.e. the default monitoring pattern in this case).

By way of example and without any limitation, the
condition and the corresponding new monitoring pattern of
step S520 may be even more complex. For instance, when
the density is greater than or equal to 50%, the UE will
remain in the normal mode to monitor page at every paging
occasion; when the density is greater than or equal to 30%
and less than 50%, the UE will be switched to a first DRX
extended mode with a pattern of 7 out of 8 paging occasions;
when the density is greater than or equal to 10% and less
than 30%, the UE will be switched to a second DRX
extended mode with a pattern of 3 out of 4 paging occasions;
when the density is less than 10%, the UE will be switched
to a third DRX extended mode with a pattern of 1 out of 2
paging occasions. In this way, the UE can adaptively deter-
mine whether the received paging message comprises iden-
tity information corresponding to the subscriber identity
card of the UE in the monitored paging channel in at least
one DRX extended mode, which saves power and avoids
paging message loss.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A method for adaptively monitoring paging messages
in a user equipment (UE) with a subscriber identity card
camping on a cell, comprising:

detecting a loading of a paging channel from the cell and

generating a loading status;

determining a monitoring pattern according to the loading

status and a default monitoring pattern;

monitoring the paging channel according to the monitor-

ing pattern; and
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generating the loading status by detecting a number of
paging messages received from the cell at a same
paging occasion.

2. The method as claimed in claim 1, wherein the step of
detecting the loading of the paging channel and generating
the loading status comprises:

monitoring the paging channel according to the monitor-
ing pattern;

counting a number of paging messages which are broad-
casted in the paging channel and are full of identity
information records within a first predetermined time
period; and

generating the loading status according to the number.

3. The method as claimed in claim 2, further comprising:

recording a maximum number of identity information
records carried by a paging message broadcasted in the
paging channel;

wherein within the first predetermined time period, a
paging message with a number of identity information
records not smaller than the maximum number is
regarded as being full of identity information records.

4. The method as claimed in claim 1, wherein the step of
determining the monitoring pattern according to the loading
status and the default monitoring pattern comprises:

when the loading status indicates that the loading of the
paging channel is lower than a threshold value, setting
the monitoring pattern to be less intensive than the
default monitoring pattern.

5. The method as claimed in claim 1, wherein the step of
determining the monitoring pattern according to the loading
status and the default monitoring pattern comprises:

when the loading status indicates that the loading of the
paging channel is not lower than a threshold value,
employing the default monitoring pattern to act as the
monitoring pattern.

6. The method as claimed in claim 1, wherein the step of

determining the monitoring pattern comprises:

when the number of paging messages received from the
cell at the same paging occasion is found to be greater
than a threshold value, setting the monitoring pattern to
be less intensive than the default monitoring pattern.

7. The method as claimed in claim 6, wherein the step of
setting the monitoring pattern to be less intensive than the
default monitoring pattern comprises:

keeping the monitoring pattern to be less intensive than
the default monitoring pattern until the UE moves to
another RNC which is not recorded to broadcast mul-
tiple paging messages at a same paging occasion.

8. The method as claimed in claim 1, further comprising:

determining whether a received paging message com-
prises identity information corresponding to the sub-
scriber identity card of the UE in the monitored paging
channel.

9. A communications apparatus for adaptively monitoring
paging messages in a user equipment (UE) with a subscriber
identity card camping on a cell, comprising:

a radio transceiver module, arranged for receiving paging
messages broadcasted in a paging channel from the
cell; and

a processing module, arranged for detecting a loading of
the paging channel and generating a loading status,
determining a monitoring pattern according to the
loading status and a default monitoring pattern, and
monitoring the paging channel according to the moni-
toring pattern, wherein the processing module gener-
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ates the loading status by detecting a number of paging
messages received from the cell at a same paging
occasion.

10. The communications apparatus as claimed in claim 9,
wherein the processing module monitors the paging channel
according to the monitoring pattern, counts a number of
paging messages broadcasted in the paging channel which
are full of identity information records within a first prede-
termined time period, and generates the loading status
according to the number.

11. The communications apparatus as claimed in claim
10, wherein the processing module records a maximum
number of identity information records carried by a paging
message broadcasted in the paging channel, and regards
subsequent paging messages with a number of identity
information records not smaller than the maximum number
within the first predetermined time period as being full of
identity information records.

12. The communications apparatus as claim 9, wherein
when the loading status indicates that the loading of the
paging channel is lower than a threshold value, the process-
ing module sets the monitoring pattern to be less intensive
than the default monitoring pattern.
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13. The communications apparatus as claimed in claim 9,
wherein when the loading status indicates that the loading of
the paging channel is not lower than a threshold value, the
processing module employs the default monitoring pattern
to act as the monitoring pattern.

14. The communications apparatus as claimed in claim 9,
wherein when the number of paging messages received from
the cell at the same paging occasion is found to be greater
than a threshold value, the processing module sets the
monitoring pattern to be less intensive than the default
monitoring pattern.

15. The communications apparatus as claimed in claim
14, wherein the processing module keeps the monitoring
pattern to be less intensive than the default monitoring
pattern until the UE moves to another RNC which is not
recorded to broadcast multiple paging messages at a same
paging occasion.

16. The communications apparatus as claimed in claim 9,
wherein the processing module determines whether a
received paging message comprises identity information
corresponding to the subscriber identity card of the UE in the
monitored paging channel.
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